+ is produced from DMAP-N 5 in a quasireversible, one-electron oxidation process (E 1/2 = +0.67 V).
Introduction
Nitrogen-rich molecules have a major advantage over conventional solutions to the problem of chemical energy storage, since their decomposition releases almost exclusively the environmentally friendly dinitrogen. 1 In the search for stable nitrogen-rich compounds the synthetically most important approaches have been the coordination of azide anions (N 3  ) 2-5 and the derivatisation of tetrazole (R-CN 4 -R'), 1, [6] [7] [8] which are the basis of applications in pyrotechnics and primary explosives. 9-11 However, extremely nitrogen-rich systems are likely to require novel, homonuclear polynitrogen species larger than N 3 . The synthesis of such species, albeit challenging, has been accomplished for N 5 + , 12 whereas only analytical or indirect evidence exists for N 4 , 13,14 and the pentazolate anion, N 5  , [15] [16] [17] [18] 23, 25 traces of which were produced and detected by laser desorption ionization ( = 337 nm) of p-Me 2 N-C 6 H 4 -N 5 (DMAP-N 5 , Chart 1), mass spectrometry, 17 and combined ESI-MS-MS experiments. 18 Cyclo-N 5  is particularly interesting as it may act as a 2e or 6e donor ligand analogous to  1 - 19, 20 or  2 -bound 20,21 N 3  and cyclopentadienide, 20, [22] [23] [24] respectively. Attempts at the bulk synthesis of N 5  such as by ceric ammonium nitrate N-dearylation of aryl-N 5 pentazole have failed thus far. thermolabile and decompose at ambient temperature to N 2 and R-C 6 H 4 -N 3 . 31 The decomposition rates decrease with increasing  electron-withdrawing and  donating capabilities of the substituent R. DMAP-N 5 (Chart 1) is one of the most stable pentazoles, which forms upon reaction of a diazonium salt with NaN 3 32 and does not decompose for many hours at 243 K in solution ( 2 h, MeOH, 273 K). 33 Its crystal structure has been determined 28 and NMR spectra recorded. 31, 34 Ab initio calculations 35 revealed that the transition state for the elimination of N 2 is ca. 21 kcal mol 1 (G* sol ) above the ground state and connects the ground state with the N 2 -loss product by the concerted elongation of N  N  and N  N ' bonds.
Chart 1. p-(Dimethylamino)phenyl pentazole (DMAP-N 5 ) and p-(dimethylamino)phenyl azide (DMAP-N 3 )
Whereas the unusual pentazoles have not been characterized photochemically, organic azides have been studied intensely and feature the loss of N 2 and the intermediary formation of nitrenes with high quantum yields on ultrafast timescales. [36] [37] [38] Specifically, in a low temperature matrix, irradiation of DMAP-N 3 39,40 (the azide directly related to DMAP-N 5 ) yields a triplet nitrene, 41 which has also been detected in picosecond and nanosecond laser photolysis experiments by 4 means of the DMAP-N (T 1 )  DMAP-N (T 0 ) absorption at 470 nm. 42 In cyclohexane, DMAP-N (T 0 ) generates the azo compound DMAP-N=N-DMAP. 43 Calculations show that the DMAP-N (T 0 ) ground state lies >12 kcal mol 1 below the lowest singlet state. 44 Only scarce reports are available on the cathodic electrochemistry (cyclic voltammetry) of substituted phenyl pentazoles and phenyl azides. For p-MeO-C 6 H 4 -N 5 irreversible reduction has been reported in MeCN ca. 2.4 V 42 at 253 K. 45, 46 No spectral data are available for reduced or oxidized species. It was speculated that using transition metal salts as electrolytes, reduction induces cleavage of the aryl-N 5 bond and produces cyclo-N 5  and the aryl radical, which ultimately leads to the production of hydroquinone. 45 This paper describes results of an investigation into the electronically excited state, redox chemistry and the possibility of cleaving the aryl pentazole bond in p-(dimethylamino)phenyl pentazole (DMAP-N 5 ) using a combination of ultrafast time-resolved infrared spectroscopy, infrared spectroelectrochemistry and density functional theory. In a control experiment, the related azide DMAP-N 3 (vide supra) was investigated under identical conditions (Fig. 4) As can be deduced from the TRIR spectrum recorded 500 ps after the laser flash ( DFT calculations. The minimum energy geometry of DMAP-N 5 was determined by density functional theory (DFT) calculations at the B3LYP/6-311G** level (see Experimental, relative energies are reported in the SI). The minimum structure of the ground state (S 0 ) compares very well with the planar molecular structure found in the crystal 28 (Fig. 9a) . The first excited state, [DMAP-N 5 ] (S 1 ), however, features a twisted phenyl pentazole structure with a pyramidalized N  atom (Fig. 9b) . In order to investigate the nature of DMAP-N 3 (S 1 ) fragment further, its coordinates were taken as the input in a geometry optimization of both the ground state and singlet excited state surfaces. While the optimization of the ground state surface resulted in a stable structure identical with DMAP-N 3 (S 0 ) (Fig. 12b) , the optimization on the excited state surface was complicated by a second elimination of N 2 which lead to the nitrene DMAP-N (S 1 ) (Fig. 12c) .
Results and Discussion

DMAP
Restricted optimizations were also performed with the N  N  bond set to 1.37 Å and 1.47 Å, respectively, which returned structures 65.5 kJ mol 1 and 62.5 kJ mol 1 higher in energy than the species shown in Fig. 12c .
Thus, the ps TRIR spectra can be interpreted in terms of the electronic excited state DMAP- on the picosecond timescale. 58 It should be noted here that the above picture is only qualitative.
The precise mechanism and dynamics of the formation of DMAP-N from DMAP-N 5 via DMAP-N 3 is likely to be dominated by non-Born-Oppenheimer dynamics as indicated above and would require much more extensive calculations to resolve, which are outside of the scope of this paper. 13 ).
Conclusions
The combination of experiment and theory presented in this study reveals the nature of a long- Appleton Laboratory using the ULTRA laser and detection system, which was described elsewhere. 59 The excitation pulses at 310 nm or 330 nm were generated by an optical parametric . Spectra are converted to change in absorbance (A). 59 The spectral bandwidth of the IR probe beam is around 400 cm 1 and the spectra in the 1200 -1700 cm 1 range were acquired using two spectrometers each with 128 element mercury cadmium telluride detectors (IR Associates) that simultaneously measure two overlapping spectra which are later "stitched" together. Only one spectrometer was required to measure TRIR spectra in the 2000 cm 1 region. The spectral resolution was limited by pixel size with a dispersion of ~2 cm 63, 64 ) and the B3LYP functional of DFT. 65 In all cases, an extensive basis set was used, consisting of 6-311G** 66,67 on all elements. In order to allow for the polarizing effect of the bulk solvent of the experiments, the polarizable continuum model PCM 68, 69 was applied using the standard Gaussian parameters for CH 2 Cl 2 . The reoptimized geometries using PCM resulted in small changes of bond lengths and angles. Upon convergence, frequencies within the harmonic approximation were calculated and used for comparisons with the recorded IR spectra. All minimum geometries have been identified by the absence of imaginary frequencies, while transition states are characterized by one such frequency. For all converged structures the UV/vis spectrum was calculated using TDDFT for 100 states. Gausssum v. 2.2.5 was employed for the initial analysis of results. 
